hospital, has recently become a more integrated system of health management for local residents outside a hospital, in association with Personal Health Data Recording System (PHDRS) and Local Area Medical Information Control System (LAMICS) (Maeda and Yamamoto 1989) . PACS has multiple facets of implementation ranging from a stand-alone entity of image filing system to a more integral part of total hospital information and image management system. Of particular interest is the current situation in Japan in which PACS has been put to practical use as a stand-alone local image filing system in more than 60 hospitals (Komori et al. 1984; Sone 1987; Bikawa et al. 1988 ; Watanabe et al. 1988; Yokokura 1989 ).
When PACS is implemented as a so-called image work station, one of the basic issues involved is how active data or contributory key films should be selected, processed, stored and utilized for efficient image management. On the occasion of implementation of a local image filing system in a 140-bed neurosurgical hospital with a 120-per-day outpatient population, it was decided that key films contributory to diagnosis and therapy should be selectively entered and stored, and that a total file of original film radiographs should be discarded beyond a legal storing period of 5 years after discharge. The purpose of this paper is to document this off-line, digital image management system, and to examine from the viewpoint of neurosurgical practice validity of selective storage of key films obtained from the actual cases experienced in the hospital during the past 5 years.
MATERIALS AND METHODS

System architecture
A commercially available system for the digitization, processing, display and computer storage of film radiographs (EFPACS-500 ; Fuji Electric Co., Ltd., Tokyo) was used in the Fig, 1 . An illustrative diagram of the system architecture system (EFPACS-500). CPU, central processing unit.
of the image filing present studies. The major system components include a high resolution film laser scanner, a display system and an optical disk equipment. In general, film radiographs are scanned and digitized at the maximum matrix of 2048 x 2048 with a range of 10 bits using the high-intensity helium-neon laser scanner, and the digitized images are stored on a 2.6-gigabyte optical disk system. Recorded images may be viewed at a high resolution display console as high quality images of 1024 X 1024 pixels with a dynamic range of 8 bits by a 60 Hz non-interlaced scanning mode. An illustrative schema of the system architecture is shown in Fig. 1 .
Data entry
Image information is entered through scanning film radiographs of CT, MRI, cerebral angiography and other diagnostic radiographic examinations, as described in the section of system architecture. Word information briefly summarizing the patient's clinical status is also registered simultaneously with the entry of image information. Upon initial entry into the data base, the patient's twelve-digit medical record identification (ID) number is entered in ASCII letters, followed by the patient's name. The date of birth is entered into the appropriate item according to a Japanese calender system, whereas the dates of radiographic examination as well as admission and discharge dates are described according to a Christian calender system. Males and females are designated as M and F, respectively. With regard to the modality codes the following abbreviations are used : CT for computed tomography ; MRI for magnetic resonance imaging ; ANG for cerebral angiography ; TAN for plain radiographic studies. Diagnosis is entered concisely in less than 10 letters as examplified by either ANEURYSM, TUMOR, TRAUMA or ANOMALY. Pathophysiology 1 through 4 are the items for additional information on a patient's clinical data. Outcome is evaluated at discharge by the following five-grade clssification : excellent(E), good(G), fair(F), poor(P) and dead(D). The recovery of patients with no neurological deficits and a return to a previous occupation is designated as "excellent". A "good" outcome includes slight neurological deficits and yet a return to a normal family life. "Fair" indicates patients with needs for assistance due to moderate neurological deficits. Unfavorable results excluding death are all defined as "poor", mostly confined to bed. "Death" indicates patients who died of central nervous system disorder and those expiring from other causes during hospitalization. The item in researve can be filled with information as to whether autopsy patient the user wishes can be retrieved simply by specifying the patient's ID number in the pertinent item on the registration list. To give another example, the retrieval of information on the patients who underwent stereotaxic surgery can be performed by entering "STEREO" into the item of Operation on the list . Furthermore, even with more incomplete information on patients at hand, it is still possible to search for stored data by entering a letter "?" into unknown parts of the item. For example, all of the stored information on the patients admitted on March of 1988 are still available by entering "88.03.??." into the item of Admission date. And even more detailed retrieval can be further performed by specifying several items combined with "and/or". For example, a list can be obtained of patients with hypertensive intracerebral hemorrhage who underwent craniotomies for removal of the hematomas in the year of 1988, by successively specifying "88.??.??." for Admission, "HIH" for Diagnosis, and "REMOVAL" for Operation, and by finally combining these three specifications altogether with "and".
Estimation of film radiographs and selection of the key films
In order to estimate the total number of film radiographs obtained annually during the past 5 years, total files of radiographs from each hospitalized patient were searched for in the film library, checked with the medical record, and classified according to diagnosis : subarachnoid hemorrhage due to ruptured aneurysms ; hypertensive intracerebral hemorrhage ; cerebral infarction ; brain tumor ; head trauma.
Key films were defined as radiographs most contributory to diagnosis and management, viewed, and selected by the four neurosurgeons who had a variety of clinical experiences on neurosurgical practice : the two of us (MK and KK) were both board-certified with the 30 and 12 years of clinical experiences ; the remaining two (HO and JS) were the fifth-year neurosurgical residents and attending staff physicians in the hospital. The mutual consent of these four neurosurgeons was considered to add some objectivity to subjective film selections biased by their own clinical experiences.
The total numbers of both film radiographs and key films were estimated and the percentage of the key films was calculated and, compared according to the diagnosis, the preoperative neurological status, and the CT classification. With regard to radiographic films on patients with subarachnoid hemorrhage, they were classified into the five groups for comparison according to the Hunt and Kosnik's grading system. As for hypertensive intracerebral hemorrhage the total numbers of film radiographs and key films as well as the percentage of the key films were estimated for comparison according to the sites of hemorrhage : putaminal ; thalamic ; subcortical ; cerebellar ; pontine hemorrhage. Putaminal and thalamic hemorrhages were further classified and graded into the five subgroups according to the CT classification advocated by the Japanese Conference of Surgical Treatment of Stroke (Kanaya et al. 1978) , and the number and the percentage of the key films belonging to each subgroup were compared.
RESULTS
Estimation of annually produced film radiograghs
According to the survey on entire files of film radiographs on the patients who were hospitalized during the past five years, the annual number of procedures in radiographic examinations averaged 9,790 for skull, chest and other plain radiographic study, 11,656 for CT scanning, 957 for cerebral angiography, and 1,664 for MR imaging. The averaged number of film sheets recorded in these radiographic examinations totaled 98,986 on an annual basis, which included 265 of 14 X 17 inch film, 48,596 of 14 X 14 inch film, 14,564 of 11 X 14 inch film, 19,194 of 10 X 12 inch film, and 16,367 of 8 X 10 inch film.
Storage and retrieval of these numerous original film radiographs causes a great deal of problems, resulting in lack of space in a hospital and inconvenient delays in medical care. In fact, a pile of the original radiographs annually produced in the vicinity of 100,000 film sheets, along with their film jackets, theoretically reaches a height of 37.7 m. On the other hand, the amount of these analog film data generated annually in the hospital are equivalent to 323 gigabytes of digital data, which are sufficiently stored in 124 2.6-gigabyte optical disks.
Validity of key film selection
Since one of our hospitals (Southern Tohoku Research Institute for Neuroscience) is an emergency-based neurosurgical hospital with the patient population specifically biased by cerebrovascular diseases, validity of selective storage of key radiographic films was examined in great details in patients with cerebrovascular diseases. Table 3 shows the results of survey on radiographs of 60 patients with aneurysmal subarachnoid hemorrhage according to the Hunt and Kosnik's grading system. The percentage of the selected key films (771 sheets) to the total film number (5649 sheets) was estimated to be 13.6%. From the Grade I through IV The ratio of selected key films in patients with hematoma according to the sites of bleeding hypertensive intracerebral it ranged from 13.3% to 14.6%, making no significant difference. It appeared that the ratio of key films did not significantly correlate to the preoperative neurological functions as defined by the Hunt and Kosnik's classification. The results of 128 patients with hypertensive intracerebral hemorrhage are shown in Table 4 according to the sites of bleeding. The ratio of key films contributory to diagnosis and management was eatimated to be 15.0% in this entire patient population, and it varied a little from 14.4% to 15.5% according to the location of hematoma. More specific survey was then attempted on 40 patients with putaminal hemorrhage and 41 patients with thalamic hemorrhage, and a correlation, if any, was examined between the ratio of key films and an extent of hematoma as delineated by the CT classification (Tables 5 and 6 ). In a putaminal group the ratios of key films were 18.7% and 17.1% for Types II and III, respectively, slightly exceeding those of the remaining three types. Surgical indications on Types II and III may account for the increased ratio of key films in these subgroups. As for a thalamic group the ratio was practically the same in Types I and II, and the higher ratio of 20.8% was obtained in Type III with an extention of hematoma to the hypothalamus or midbrain. The increased ratio in this subgroup of thalamic hemorrhage may be related to a higher propensity for intraventricular bleeding, which requires frequent CT evaluations for the management of acute hydrocephalus. Two-hundred and twenty patients with cerebral infarction were also investigated and the estimated ratio of the key films was 14.4%. The ratio varied a The ratio of selected key fil to CT classification ms 2n patients with thalamic hemorrhage according little according to the sites of occlusive or stenotic lesions of the major vessels responsible for the patient's symptoms : the internal carotid artery (16.1%) ; the middle cerebral artery (16.6%) ; vertebro-basilar artery (13.4%). As for another subgroup of patients with infarction of perforating branches, the ratio was 13.7%. Patients with no CT demonstration of infarcted lesions were found to have 14.4% as the ratio of key films. In summary, the ratio of the key films to a total of radiographs obtained during hospitalization was rather constant averaging 15% in cerebrovascular diseases, regardless of their more specific diagnosis, neurological gradings or CT classifications. It was postulated that either a small increase or decrease in the number of key films upon their selection did not affect their ratio to the total of film radiographs, since serial cerebral angiography was routinely performed in patients with cerebrovascular diseases with a resultant increase in the total number of film sheets.
Similar studies were employed in such patient populations as brain tumor, head trauma and anomaly of the central nervous system. The results of these studies were only briefly summarized here as they will be reported in further detail elsewhere. The ratio of the key films in brain-tumor patients was calculated as 25.0%, yet making no significant difference on the ratio regardless of surgical (24.8%) or medical (25.3%) management. The number of selected key films was prone to increase in this group of patients because of strong demands for precise diagnosis and three-dimentinal understanding of the tumors, which eventually led to more procedures in diagnostic examinations than would be expected in patients with cerebrovascular diseases. And accordingly, the cerebral angiograms relatively decreased, and the ratio of the key films were therefore increased. With regard to head trauma the ratio ranged from 24.2% to 36.8% according to types of head trauma excluding traumatic subarachnoid hemorrhage. The ratio in the trauma group was higher than in cerebrovascular diseases, because cerebral angiography was rarely indicated in the former, which helped reduce the total number of radiographs.
In sharp contrast to the other groups of head trauma, however, traumatic subarachnoid hemorrhage had the ratio of 16.2%, equivalent to the results estimated in cerebrovascular diseases. This similarity was attributable to difficulty in differential diagnosis on CT scan between aneurysmal and traumatic subarachnoid hemorrhages, which finally need cerebral angiography. The overall average ratio of the key films in a total of neurosurgical patients studied in this investigation was 16.3%.
DISCUSSION
Since Dwyer first introduced the concept of PACS in 1982 (Deurinchk 1982) , PACS has been developed because of widespread applicaton of digital imaging modalities, demands for solving lack of space required for storing film radiographs in a hospital, and finally rapid technological developments. It has now evolved from its initial stage of medical image management system inside a hospital to a more integrated system involving health management for local residents outside a hospital, in close association with PHDRS and LAMICS (Huang et al. 1986 (Huang et al. , 1987 Maeda and Yamamoto 1989) . The current situation in Japan with respect to PACS is rather unique, in that the idea of a stand-alone local image filing system has been widely accepted, and in fact this system has been already installed for practical use in more than 60 hospitals including a neurosurgical hospital (Komori et al. 1984 ; Sone 1987 ; Bikawa et al. 1988 ; Watanabe et al. 1988 ; Yokokura 1989) .
Medical information can be subdivided into two major categories in terms of storage and retrieval : short-term archiving of information that is to be retrieved and practically used in a short-period of time ; long-term archiving that is to be stored for a long-period of time after information is generated (Choyke et al. 1985) . From the aspect of frequency of data retrieval and utilization, medical information is also classified into active and inactive data, which are roughly synonyms for aforementioned short-term and long-term archivings respectively (Takenaka 1987) . Medical image management was efficiently employed by Tobita et al. (1986) , who store image data properly with the three different levels of archiving : temporal file to be used on the immediate day of examination ; active file to be used during hospitalization, an average of 41 days long ; permanent file to be retrieved after discharge. Frequency of retrieval spontaneously decreases as days elapse since image acquisition (Kuranishi 1984) . In fact, it was reported by Tobita et al. (1986) that frequency of retrieval of stored images in permanent file was estimated to be 0.01% for CT and ultrasound studies, 7% for radioisotope studies and 1.8% for plain radiographic studies. And furthermore, according to Kuranishi (Kuranishi 1984 ) 53% of the total radiographic images are used on the immediate day of examination, and the remaining 47% decreases to less than 10% in 60 days at out-patient clinic and in 90 days on a in-patient basis. It was, therefore, concluded that six months were sufficient for storage of active files. In Georgetown University active archiving has also a limited period of storage that is 6-9 months after image acquisition, and stored data are further separated into intermediate and long-term storage at the moment of 4 years after images are acquired (Choyke et al. 1985) .
On the other hand, efficient medical image management can be also achieved in a more simplified fashion by selective storage of contributory key films, rather than indiscriminate storage of image information. Maeda et al. (1985) reported that the ratio of key films was 13% on the basis of their survey on a total of 18,370 film sheets annually produced. In particular, the percentage of key films tended to be decreased in diagnostic modalities such as cerebral angiography, in which a large number of film sheets were generated per a single procedure and yet only 6% of them were designated as key films. We are also in the position of favoring selective storage of key films for efficient image management, and have decided that a total file of original film radiographs should be discarded beyond a legal storing period of 5 years. In the current investigation, the ratio of the key films was calculated and compared according to diagnosis and neurological gradings in order to examine validity of their selective storage. The overall averaged ratio of the selected key films was 16.3% in a total of neurosurgical patients studied in the present investigation.
In our hospital, the total of image information in an analog form, equivalent to 323 gigabytes of digital information, is annually generated. By means of selective storage of key films, however, the amount of digital data for entry and storage can be reduced, to 53 gigabytes, which are sufficiently capable of being stored in 21 optical disks. In contrast to original storage, therefore, digital storage on this selective basis will apparently enhance the effect of space saving.
A variety of clinical data on the patient's status were also entered into the data base as "word information", along with digitized radiographic images designated here as "image information".
It is of significant importance that both sets of information are organically connected with each other to function. Thus, in order to establish a higher standard of availability and practical functionality in image management, attempts were made to enter not only the patient's name, medical record ID number, birthday and diagnosis, but also sites of responsible lesions, neurological gradings, CT classification, modes of surgery and outcome evaluated at discharge. Furthermore, comments were also added to describe a transition of symptoms and a mode of management during hospitalization, which facillitated more profound understanding of the patient's clinical status than would be anticipated merely from image information alone. Such combined registration of both image and word information makes this data base system significantly unique.
On the occasion of implementation of a local image filing system in a busy, emergency-based neurosurgical hospital, we have designed and developed a prototype of clinical data base system that is capable of processing both image and word information derived from neuroradiological examinations.
A next stage of development in digital information management system is to establish a system with more sophisticated hardware and software to deal with more integrated clinical data including function-oriented information of neurophysiology regarding electroencephalograms, evoked potentials, and electromyograms.
This would far more greatly enhance our abilities to conduct efficient information management in the practice of neurosurgery.
